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Purpose: In this prospective study, bone formation in human extraction sockets augmented with 
Bio-Oss Collagen after a 12-week healing period was quantified and compared to bone formation 
in unaugmented extraction sockets. Materials and Methods: Selected patients with four-walled 
extraction sockets were included in this prospective study. After extraction, the sockets were randomly 
augmented using Bio-Oss Collagen or left to heal unfilled without raising a mucoperiosteal flap. At 
the time of implant placement, histologic specimens were obtained from the socket and analyzed. 
Statistical analysis was performed using the Wilcoxon signed-rank test. Results: Twenty-five patients 
with a total of 39 sockets (20 augmented, 19 unaugmented) were included in the study and the 
histologic specimens analyzed. All specimens were free of inflammatory cells. The mean overall new 
bone formation in the augmented sites was 25% (range, 8%-41%) and in the unaugmented sockets 
it was 44% (range, 3%-79%). There was a significant difference in the rate of new bone formation 
between the grafted and ungrafted sockets and a significant difference in the bone formation rate 
in the apical compared to the coronal regions of all sockets, independent of the healing mode. 
Conclusion: This descriptive study demonstrated that bone formation in Bio-Oss Collagen-grafted 
human extraction sockets was lower than bone formation in ungrafted sockets. Bone formation 
occurred in all specimens with varying degrees of maturation independent of the grafting material 
and was initiated from the apical region. Int J Oral Maxillofac Implants 2011;26:385-392 
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The course of healing in extraction sockets appears 
to be essential for a predictable esthetic outcome, 
especially after extraction of a tooth in the anterior 
arches. 12 Various concepts exist with regard to the 
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adequate timing of implant placement after the re- 
moval of a tooth. 35 Descriptive studies in humans have 
shown that the healing process is a consistent series of 
events that includes the stabilization of a blood clot 
and the creation of a provisional matrix from which the 
formation of bone is initiated, 6 8 but histomorphomet- 
ric analyses of the healing of human extraction sock- 
ets over time are limited. 89 This initial healing phase, 
characterized by a boost of bone formation within the 
first 30 days in canine models, 10,11 has also been dem- 
onstrated in human unfilled extraction sites. 8 

The alveolar crest undergoes continual remodel- 
ing in both humans and canines after the removal of 
teeth, 1213 leading to pronounced resorption of the 
buccal alveolar bone. 1415 Immediate placement of 
implants in fresh extraction sockets has shown no ap- 
parent advantage in the prevention of resorption in 
clinical studies or animal experiments. 3 ' 14,1617 Several 
studies have proposed the use of xenografts such as 
hydroxyapatite, biomaterials containing (3-tricalcium 
phosphate, and bovine bone mineral for ridge preser- 
vation during socket healing. 18 20 Recent data indicate 
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that the application of bovine bone mineral embed- 
ded in 10% highly purified porcine collagen in fresh 
extraction sockets in dogs minimizes resorption of the 
original alveolar bone and allows adequate new bone 
formation within the extraction socket. 15,21 Bovine 
bone mineral has been shown to have osteoinduc- 
tive properties when used for defect regeneration, 
sinus floor elevation, and the repair of periodontal de- 
fects. 2224 In clinical studies, the efficacy of xenogeneic 
bone substitute placed in extraction sockets has only 
been evaluated with regard to bone formation after 
a healing period of at least 7 months. 19,25 Histomor- 
phometric studies describing the early healing events 
of bovine bone mineral in human extraction sites are 
limited to one human study on the physiology of bo- 
vine bone mineral embedded in 10% highly purified 
porcine collagen (Bio-Oss Collagen, Geistlich Pharma) 
in human extraction sockets during early healing (6 
weeks). 26 In extraction sockets in a canine model, Bio- 
Oss Collagen was shown to be incorporated and in di- 
rect contact with newly formed bone after a healing 
period of 3 months and seemed to promote bone for- 
mation in the cortical region, thus compensating for 
marginal ridge contraction. 21 

The aim of the current study was to evaluate bone 
formation in human extraction sockets grafted with 
Bio-Oss Collagen after 1 2 weeks of healing and compare 
this to bone formation in ungrafted extraction sockets. 

MATERIALS AND METHODS 

The study protocol was approved by the Ethics Com- 
mittee of Charite-Universitatsmedizin, Berlin, Germany. 

Patients and Surgical Procedures 

Patients with severe periodontitis, active periodontal 
lesions, or severely resorbed sockets with a remain- 
ing height of less than 5 mm were excluded from the 
study, as were smokers. Teeth with evident periapical 
radiolucency and/or periapical abscesses were exclud- 
ed from this study. All patients were healthy and free 
of systemic disease and took no regular medications. 

The following implant procedure was planned for 
all extraction sites. Extraction was performed under 
local anesthesia without the elevation of a mucoperi- 
osteal flap; therefore, no primary wound closure was 
performed. A periotome and the appropriate dental 
forceps were used to minimize surgical trauma of the 
surrounding tissue. All extraction sockets had to be 
intact (four-wall). Thorough curettage of all soft tissue 
debris in the alveolus was performed at the time of 
extraction in all extraction sites to ensure the removal 
of all granulation tissue and stimulate bleeding from 
the osseous base to promote healing. 


Selection of which extraction sockets would be 
augmented with a biomaterial or left to heal un- 
grafted was done by following a randomization list. 
Bio-Oss Collagen (Geistlich Pharma) was applied in 
grafted sites. It did not exceed the height of the alveo- 
lar crest, and the authors ensured by visual inspection 
that the collagen was saturated with blood. Bio-Oss 
Collagen was shaped with a surgical scissor (Aesculap) 
to fit the height of the socket, and was placed with- 
out compression using a dental forceps. No primary 
wound closure was performed. In ungrafted sites, af- 
ter the clinician ensured that a blood coagulum had 
formed, the socket was left to heal without primary 
wound closure. 

No postoperative antibiotic therapy or disinfectant 
mouth rinse was prescribed. The patients were clini- 
cally evaluated at days 1, 7, and 60 postoperatively 
to determine the presence of any complications such 
as infection along with inflammation, wound dehis- 
cences, or loss of graft material. 

At 1 2 weeks after extraction, implants were placed. 
A mucoperiosteal flap was raised and the site of extrac- 
tion was identified with a customized surgical splint. A 
core biopsy with a minimum depth of 7 mm was taken 
from the center of the extraction site. A trephine bur 
(2 mm in diameter, Straumann) was used for retrieval 
of the biopsy specimen, followed by dental implant 
placement according to the manufacturer's surgical 
protocol. Camlog RootLine implants (Camlog Biotech- 
nologies) or Straumann ITI implants (Straumann) were 
used. The mucoperiosteal flaps were closed with in- 
terrupted sutures (5-0 Monocryl, Ethicon). 

Histologic Evaluation 

Prior to histologic preparation, the biopsy samples 
were marked by the surgeon with red ink (Marker 11/ 
Superfrost, Precision Dynamics) on the coronal side to 
indicate the coronal region. Bone biopsy specimens 
(length, 7 to 10 mm) obtained from grafted and un- 
grafted sockets were fixed in 4% formalin for 2 days and 
then decalcified in ethylenediaminetetraacetic acid 
(Herbeta) for 48 hours. After routine tissue processing 
in a Pathcenter (Thermo Shandon), the tissues were 
embedded in paraffin, and serial sections 4 urn thick 
were prepared and stained with hematoxylin and eosin 
(H&E) and Masson trichrome.The two most central sec- 
tions were obtained from each specimen. The sections 
were line-scanned using ScanScopeT3 (AperioTechnol- 
ogies) with a resolution of 0.25 um/pixel and a 40X ob- 
jective. For the qualitative and morphologic analysis of 
the remodeling process, the stained preparations were 
examined under a light microscope (AxioPhot I, Zeiss) 
at a magnification of up to 40X.Two regions of interest 
(ROIs) were determined within each specimen, located 
within the same proximity within the specimens, in the 
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Table 1 Mean Percentages of Tissues in the 
Grafted Histologic Specimens 


apical and coronal portions. Each ROI was subdivided 
into four regions in which the amounts of new bone, 
Bio-Oss particles, fibrous tissue, and bone marrow were 
calculated using a digital imaging system (AXIO VISION 
4.6, Zeiss) by a single experienced observer who was 
blinded to the clinical data. The intraobserver reliability 
of the histomorphometric measurements was based 
on recording the assessed data of each slide at three 
different time points. A stage micrometer (25 + 50/10 
mm, Zeiss) was placed diagonally across the image for 
calibration prior to histologic evaluation. The relative 
volumes of provisional matrix (connective tissue, in- 
cluding mesenchymal cells embedded in a fibrous ma- 
trix), viable bone, and marrow tissue were calculated in 
every section at 40X magnification. Viable bone was 
defined as mineralized tissue matrix containing osteo- 
cytes within lacunae. The histologic appearance of the 
entire specimen was also described. 

Statistical Analysis 

Intraclass correlation coefficients (ICCs) were used to 
determine intraobserver reliability. A randomization 
list generated with nQuery Advisor 6.0 (Statistical So- 
lutions) was used to determine whether the socket 
would be augmented. The histologic and histomor- 
phometric data were analyzed descriptively. Com- 
parison of the histologic findings of the grafted and 
ungrafted extraction sites was performed using the 
two-factorial analysis for repeated measures using 
SAS 9.1 (SAS Institute). Statistical analysis was per- 
formed using the software version SPSS 13.0 (IBM). 


Bio-Oss 


Gender 

Location 

New 
bone (%) 

(%) 

M 

Max L first premolar 

30 

13 

M 

Max L first premolar 

46 

8 

M 

Max L first premolar 

17 

20 

F 

Max L second premolar 

25 

12 

F 

Max L central incisor 

8 

15 

M 

Max R first premolar 

40 

8 


Max R second premolar 

24 

10 

F 

Max R second premolar 

18 

16 

F 

Max L central incisor 

24 

17 

M 

Max R canine 

21 

11 


Max L second premolar 

9 

13 

M 

Max L first premolar 

17 

20 

M 

Max L first molar 

27 

10 


Mand L first molar 

35 

11 

M 

Mand L first molar 

44 

4 


Mand R first molar 

27 

12 

M 

Mand R second molar 

26 

21 

M 

Mand R first molar 

25 

18 

M 

Mand R second molar 

15 

37 

F 

Mand R first molar 

10 

19 


RESULTS 

Twenty-five patients (10 women and 15 men) with a 
mean age of 49.9 years (range, 36 to 67 years) par- 
ticipated in this prospective study. For all patients 
and all 39 extraction sites, the time of implant place- 
ment was 12 weeks after extraction. Of the 39 sites, 14 
sites were in the molar region of the mandible and 3 
were in the molar region of the maxilla. One site was a 
mandibular premolar, 1 1 sites were maxillary premo- 
lars, and 10 sites were in the anterior of the maxilla. 
Clinical examination at the time of implant placement 
showed soft tissue closure in all cases with no signs of 
inflammation. 

After elevation of the mucoperiosteal flap at the 
time of implant placement, all extraction sites were 
either visible or could be identified using a surgical 
splint. This ensured that the biopsy samples were re- 
trieved from the extraction site. Successful implant 
placement was performed at all sites. 

To ensure reliability of the observer, the ICC was de- 
termined for the histomorphometric technique used. 


The ICC was 0.919, with a 95% confidence interval of 
0.843 to 0.972, indicating excellent reliability of the 
measurements. 

Findings at Grafted Sites 

A total of 20 extraction sites augmented with Bio-Oss 
Collagen were quantitatively analyzed in 1 6 patients. All 
specimens were free of inflammatory cells. The mean 
overall new bone formation in the augmented sites was 
25% (range, 8% to 41%), while the amount of Bio-Oss 
remnants was 15% (range, 4% to 23%) (Table 1). Con- 
nective tissue (collagen, fibroblasts, or bone marrow) 
was present in the grafted sites, comprising a mean of 
60% (range, 50% to 75%) of the tissue. The specimens 
collected from the molar region (n = 8), mainly from the 
mandible (n = 7), showed a mean amount of newly 
formed bone of 26% (range, 10% to 44%), 17% (range, 
4%-37%) Bio-Oss particles, and 57% (range, 19% to 
82%) connective tissue. The Bio-Oss Collagen-grafted 
areas in the premolar region (n = 9) of the maxilla were 
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Fig la Grafted specimen with > 40% of new bone formation and mature bone marrow. The tran- 
sitional area is outlined and is shown at a higher magnification in Fig lb (H&E; magnification X2). 

Fig lb Bio-Oss particles (asterisk) with formation of woven bone on the surface of the xeno- 
graft material (arrows,). In the lower half of the specimen, mature marrow tissue is visible (H&E; 
magnification X20). 

Fig lc Biopsy specimen displaying beginning bone formation and provisional matrix. Bio-Oss 
remnants (asterisks) are visible throughout the specimen, along with islands of beginning bone 
formation (arrows,). The coronal region shows predominantly mature provisional matrix, and the 
apical region (lower portion of the specimen) shows bone marrow beginning to form (Masson 
trichrome; magnification X2). 



made up of 25% (range, 9% to 46%) newly formed bone 
and 13% (range, 4% to 31%) Bio-Oss remnants. In six 
specimens, the connective tissue comprised fibroadi- 
pose tissue (Fig la); in these biopsies the amount of 
bone consisting of lamellar and woven bone showed 
an average of 31% bone, varying between 25% to 
50% of the specimen, and the remaining Bio-Oss par- 
ticles were estimated at 12% of the specimen (range, 
4% to 30%). The bone mainly presented as trabeculae 
consisting of lamellar bone with secondary osteons, 


with islands of woven bone with primary osteons (Fig 
1b). All specimens showed new bone formation. Pro- 
visional matrix with early bone formation adjacent to 
Bio-Oss granules was found in the coronal region of 
the specimens (Fig 1c). There were variations in the 
composition of tissues in the apical compared to the 
coronal portion of the biopsies. The apical portion of 
the specimens consisted of a mean of 32% of new 
bone (range, 13% to 50%). Up to 15% of the speci- 
mens consisted of remnant Bio-Oss particles (range, 
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4% to 37%) and connective tissue made up 53% of the 
specimen (range, 19% to 68%). The coronal region 
had a mean of 1 8% new bone (range, 3% to 47%), 1 5% 
remaining Bio-Oss particles (range, 6% to 31%), and 
67% fibrous tissue (range, 48% to 83%) visible. The 
amount of newly formed bone was significantly differ- 
ent between the apical and coronal regions (P < .001 ). 

Findings at Ungrafted Sites 

A total of 19 unaugmented extraction sites in nine 
patients were evaluated. Inflammatory cells were not 
seen in any of the specimens. The mean amount of 
overall new bone was 44% (range, 3% to 79%) (Table 
2). The connective tissue, which comprised 56% of 
the specimen, on average (range, 21% to 97%), con- 
sisted of collagen and fibroblasts; in three sites, bone 
marrow was documented. The specimens from the 
molar and premolar region (n = 1 2), mainly from the 
mandible (n = 8), comprised a mean of 52% newly 
formed bone (range, 3% to 77%) and 48% connective 
tissue (range, 23% to 97%). The ungrafted sockets in 
the anterior region (n = 7) of the maxilla displayed 
38% newly formed bone (range, 31% to 71%) and 
62% connective tissue (range, 29% to 69%) in the 
biopsy specimens. The amount of tissues in the api- 
cal compared to the coronal portions of the biopsy 
specimens showed variation (Figs 2a and 2b). A mean 
of 63% of new bone (range, 10% to 90%) was found 
in the apical region, whereas a mean of 28% of new 
bone (range, 3% to 78%) was found in the coronal 
region. The amount of newly formed bone was sig- 
nificantly different between the apical and coronal 
regions [P< .001). 

Comparison of Grafted and 
Ungrafted Sockets 

A significant difference in the amount of new bone 
formation between the grafted and ungrafted sock- 
ets was found (P = .03). There was also a significant 
difference of bone formation in the apical compared 
to the coronal regions of all sockets, independent of 
the grafted or nongrafted healing mode (P < .001 ). 

DISCUSSION 

The present histomorphometric comparison of ex- 
traction sockets grafted with Bio-Oss Collagen and 
nongrafted extraction sites confirmed bone forma- 
tion in all sockets. The rate of bone formation between 
grafted and ungrafted sites showed a significant dif- 
ference, with grafted sockets revealing a reduced 
amount of new bone formation. Within this study, 
the numeric amount of new bone after 12 weeks of 
healing in grafted sites was comparable to that found 


Table 2 Mean Percentage of New Bone 
Tissue in the Ungrafted Sites 

Gender 

Location 

New bone(%) 

M 
IVI 

Max L second molar 

K A 


Mand L second molar 

Do 

c 
r 

Mand L second premolar 

70 

i y 

IVI 

Mand L first molar 

A K 


Mand L second molar 

Q 

o 


Max R central incisor 

Q A 


Max R lateral incisor 

"7-1 
I ± 


Max L central incisor 

do 


Max L lateral incisor 


r 

Max L lateral incisor 

Q 
CD 

c 
r 

Max R canine 

D 


Max R first premolar 

QQ 
OO 


Max R first molar 



Max R lateral incisor 

74 

F 

Max R first premolar 

46 

M 

Mand L first molar 

71 


Mand L second molar 

54 

M 

Mand L first molar 

77 

F 

Mand R second molar 

40 


at 6 weeks, 26 but upon histologic evaluation of the 
specimens, a more mature bone morphology became 
evident. This allows for the assumption that bone for- 
mation follows the mechanism described in unfilled 
human extraction sites: after an initial boost of bone 
formation, there is a maturation of the bone. 7 ' 8 The ex- 
istence of bone marrow and lamellar bone, as seen in 
one third of the extraction sites in this study of human 
biopsy samples, was described at 90 days in unfilled 
extraction sockets in the canine model. 10 Bone mar- 
row formation appeared to be concomitant with the 
remodeling of the woven bone into lamellar bone, 
with a simultaneous reduction of the amount of bone 
by osteoclastic activity 8,10 and a reduction of osteo- 
blasts. 8 One-third of the sockets investigated in this 
study displayed a mature appearance, and all other 
specimens showed variations in bone tissue quality 
and quantity; this was independent of the grafting 
procedure. Trombelli et al 8 found similar variations 
in the rate of bone formation after 1 2 to 24 weeks of 
healing of ungrafted human sockets. It is logical to 
assume that healing of extraction sockets is depen- 
dent on yet-unidentified factors, which contribute to 
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Fig 2a (Left) Specimen retrieved from an 
ungrafted site showing beginning bone for- 
mation and provisional matrix. The coronal 
region shows predominantly mature provi- 
sional matrix, and the apical region (lower 
portion of the specimen) shows bone mar- 
row beginning to form (Masson trichrome; 
magnification X2). 

Fig 2b (Right) Histologic specimen re- 
trieved from an ungrafted site with mature 
bone evident in the apical region (lower 
portion of specimen) and newly formed 
bone with residual provisional matrix ap- 
parent in the coronal part of the specimen 
(Masson trichrome; magnification X2). 


individual healing patterns. All individuals examined 
within this study were healthy and did not take regu- 
lar medications or use nicotine-containing products, 
which are known to inhibit osteogenesis. 27-29 A study 
by Ahn and Shin 9 compared periodontally diseased 
destroyed sockets with intact sockets (control). A 
higher rate of new bone formation was observed in 
the control sockets during the equivalent time period 
compared to the ungrafted sockets of the present 
study; this might be a result of the small number of 
control specimens (n = 3) examined in that study. 


To determine the clinical relevance of the differ- 
ence in the rate of bone formation between the graft- 
ed and ungrafted sockets, the descriptive histology of 
the site and the physiology of Bio-Oss should be con- 
sidered. The rate of new bone formation in grafted 
sites, plus the space occupied by bovine bone min- 
eral particles, amounted to the rate of bone formation 
observed in ungrafted sites. Deproteinized bovine 
bone mineral has been described to show delayed or 
no resorption 30-32 ; when subjected to resorption, it 
is gradually remodeled by osteoclasts, equivalent to 
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physiologic bone remodeling. 32 Bovine bone mineral 
has been considered to maintain space for potential 
tissue regeneration. Whether this scaffolding func- 
tion contributes to the stabilization of the volumetric 
tissue architecture in human extraction sockets, as 
described in a canine model, 2033 needs to be inves- 
tigated. The amount of remaining xenograft mate- 
rial found in human extraction sites after 1 2 weeks of 
healing was similar to that found in sites after 6 weeks 
in humans and 12 weeks in a canine model, 2126 sug- 
gesting only a minor rate of resorption of the heter- 
ologous material, corroborated by the fact that there 
was evidence of osteoblastic but not osteoclastic ac- 
tivity on the surfaces of the particles. Human extrac- 
tion sockets filled with Bio-Oss revealed equivalent 
quantities of bone (versus the findings of the present 
study) with higher rates of Bio-Oss particles after a 
healing period of 8 to 9 months. 1925 Bio-Oss Colla- 
gen consists of Bio-Oss spongiosa granules embed- 
ded in a 10% highly purified type I porcine collagen; 
and when not compressed into the empty alveolus, 
as was done in the current study, the particles do not 
completely occupy the alveolar space. In contrast, af- 
ter application of pure Bio-Oss granules, the granules 
populate a greater volume of the socket, resulting 
in a higher quantity of graft particles. The extraction 
sockets in this study were filled without condensed 
placement of the grafting material and were left to 
heal openly. Thus, minor displacement of the Bio-Oss 
particles into the oral cavity was not prevented, which 
may have contributed to a diminished amount of Bio- 
Oss particles within the biopsy specimens. There was 
no significant difference in the amount of particles 
found between the apical and coronal portion of the 
biopsies, suggesting minimal, if any, dislodgement of 
the granules from the extraction site, as a uniform dis- 
tribution of the particles was observed. 

A difference in bone formation between the apical 
and coronal site was seen, regardless of the grafting 
procedure used, and similarfindings have been previ- 
ously described. 7,926 In the present study, all bovine 
bone mineral-filled extraction sites and ungrafted 
sites exhibited mature or immature bone in the api- 
cal region. Serino et al 34 reported similar patterns of 
healing in polylactide-grafted extraction sites after 3 
months, with a slightly higher rate of overall bone for- 
mation. A hard tissue bridge at the marginal entrance, 
as has been described in experimental animal studies 
with primary wound closure, 20 ' 2135 was not observed 
and is in accordance with the data from human stud- 
j es 8,26,36 a s described earlier, a small amount of new 
bone formation was found in the most coronal region 
of the specimens regardless of the grafting proce- 
dure; this is in agreement with the results of other 
studies in which surgical soft tissue closure was not 


performed. 3036 Therefore, bone formation could only 
be initiated from the apical or lateral regions of the 
extraction socket, as evidenced in previous studies 
in humans. 7 " 9 ' 26 ' 34,37 Epithelial invagination or pro- 
liferation into the extraction socket, as described in 
unfilled extraction sockets in humans, 7 was not ob- 
served in this study. 

This study provides data demonstrating that the 
rate of new bone formation in ungrafted human ex- 
traction sockets is significantly higher when com- 
pared to sockets grafted with bovine bone mineral 
after 12 weeks, suggesting a delay of bone forma- 
tion in the grafted sites without signs of inflamma- 
tion, as inflammatory cells were not found in any of 
the specimens. In the vicinity of the bovine bone 
particles, bone apposition was seen, but resorptive 
processes as well as inflammatory responses were 
absent. The amount of bone formation in Bio-Oss Col- 
lagen-grafted human sockets at 12 weeks was com- 
parable to that found in grafted sockets at 6 weeks, 26 
suggesting an initial boost of bone formation, as seen 
in ungrafted sockets, followed by a maturation of the 
bone. Bone formation in all specimens was initiated 
in extraction sockets with no primary wound closure 
from the apical region and was not enhanced from 
the coronal direction even after epithelial closure of 
the extraction site, as there was a significantly higher 
amount of newly formed bone in the apical region 
compared to the coronal region. 

CONCLUSIONS 

1. No inflammatory cells were found surrounding 
the grafting material. 

2. The rate of new bone formation after 1 2 weeks of 
healing was lower in human extraction sockets 
grafted with Bio-Oss Collagen than in ungrafted 
sockets. 

3. Bone formation occured in all specimens with 
varying degrees of maturation, independent of 
the grafting material. 

4. In extraction sites without primary wound clo- 
sure, bone formation is initiated from the apical 
region, regardless of the grafting procedure. 
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